Introduction. Problems concerning occupational safety and health are commonly found in the construction industry, including falling materials, tools or people from a height, stepping on objects, and injuries caused by hand tools. An important factor in occupational safety in the construction industry is the use of scaffolds. All scaffolds used in construction, renovation, repair (including isolating, painting and decorating) and demolition, should be erected, maintained and dismantledin accordance with safety procedures. Therefore, it is crucial to deal with the safety of scaffolds and risk assessment in the construction industry; thus, the way of undertaking the assessment and the liability of assessment seems to be essential for professionals. However, it has been found that those professionals are prone to rely heavily on their own experience and knowledge in decision-making regarding risk assessment. Materials and method. The Scaffold Use Risk Assessment Model (SURAM) has been developed for assessing risk levels at various stages of the construction process in various work trades. The SURAM is the result of a research project carried out at 60 construction sites in Poland and Portugal where 504 observations have been completed including both harmful physical and chemical factors, stress level, workers' habits, as well as a hundreds ex-post reconstruction of construction accidents scenarios. Results. It was found that the workers' Health Behaviour Index (HBI) seems to be a more direct predictor for development of the unsafe chain of events leading to an accident than the workload, and concentration of harmful factors at the workplace. Conclusions. The developed HBI module of SURAM seems to be beneficial for predicting high-risk construction activities, and thus preventing the occurrence of accidents, based on a set of historical accident data.
INTRODUCTION
The construction industry is a booming sector of the Polish economy; however, according to Eurostat, the European Statistical Office, this branch of industry is classified among the sectors of the economy presenting high occupational risks and an unsatisfactory level of occupational safety. Although some safety programmes have been developed in Poland, the observed accident reduction rate seems to be rather weak. Employees in the construction sector are exposed to biological and chemical factors, as well as to the effects of noise, vibrations, insufficient illumination and temperature. Also, the peak of workload, and especially frequent changes in the level of workload, have been observed in many investigations. More than 45% of workers in the construction sector state that their work has a negative impact on their health [1] . The construction industry is subject to high occupational risk and high rates of occupational accidents, occupational diseases and absenteeism from work. In Europe, according to Eurostat data for 2011 (for 28 European Union [EU] countries), the fatal accident rate was 6.39 (per 100,000 persons in employment) in the construction industry (Eurostat 2016). The majority of serious accidents took place at the scaffolds or at construction sites with scaffolds.
Taking into consideration the frequency of accidents and high occupational risk in the construction industry with scaffold use, it is important to take the necessary steps to reduce this exposure. In these conditions the research project Scaffold Use Risk Assessment Model for Construction Process Safety ('ORKWIZ') has been developed in Poland since early 2016. The project focused on the introduction of a system of new/additional procedures and tools for monitoring safety on construction sites [2, 3, 4] . This system built as a model should impose strict rules regulating the conduct of contractors in a comprehensive manner to ensure the elimination of hazards from the construction site, or an effective reduction of associated risks. The construction of SURAM is the core part of the 'ORKWIZ' project. The research also shows that many accidents can be avoided by developing a proper concept of safety assurance at the preparation stage [5, 6, 7] .
MATERIALS AND METHOD
Five different regions of Poland were selected for the project research. The regions were selected by virtue of level economic development, unemployment rate, technical culture of employees, construction processes intensity, and infrastructure level, among other factors. Accordingly, the study was conducted at different construction sites representing typical (more frequent) scaffold size, scaffold system types and technical equipment. Such a diversity of regions, sites and employee praxis habits and customs is required to achieve a universal safety climate for the proposed safety model. At least 120 construction sites with scaffold use were examined during the period of the research project. Subsequently, a random sampling procedure was conducted to select individual workers at each construction site; 504 individual workers of those sites potentially exposed to occupational hazards were selected in the first two years of the project. For the purpose of the SURAM, 800 individuals were interviewed. An original questionnaire was developed for risk perception and safety climate assessment at the construction site. At the beginning of our investigation, several existing questionnaires were verified, including NOSACQ-50, Quality of Worklife Module (NIOSH), Contractor OH&S Evaluation, as well as some Polish ones (especially the IZZ questionnaire) and an original tool was prepared better fitted to the occupational environment and construction workers perception of the construction site. Before using the original questionnaire among the selected population, a pilot study was carried out among 60 workers. The trial and first run exploratory factor analysis confirmed that the original 45-item questionnaire could be used as a risk perception and safety climate scale in the Polish construction industry. A 5-point Likert-type scale (1 = strongly disagree, 5 = strongly agree) was used to collect the workers' responses. Yes/no responses, lists of options, checkthe-box responses, quantity choice, etc., were used to selfreport incident involvement and demographic data. Since the questionnaire used questions and answers based on scales, a not-applicable option for situations in which the respondents did not know how to respond or did not have an opinion on the issue were also added. In order to ensure greater objectivity, both questionnaire and model for increasing flexibility of SURAM, the control group was recruited at construction sites, in Portugal, taking into consideration similarities and differences between the countries (Tab. 1).
The difference in drug use (including alcoholic beverages) between groups seems to be the result of different levels of acceptance of some alcoholic beverages between Polish and Portuguese workers. consumed in the shift period. In the detailed questions regarding type of drug and frequency of use. no significance was found. except for the popularity of beverages containing a high volume of spirits in Poland and wine or beer in Portugal.
Questionnaire validity and reliability. In the implemented version of the questionnaire. the questions focused on six factors: 1) life coherence and social associations (SSOC) -11 questions; sense of control (SLOC) -10 questions; state of health (SLKZ) -5 questions; value hierarchy (SLWO) -11 questions; occupational praxis and psychical attitude (SIZZ) -10 questions; risk perception (SPR) -8 questions. There were also 7 predictors not involved in any of the six scales. Sampling adequacy was measured using the KaiserMeyer-Olkin test and the Bartlett's test of sphericity was used to evaluate correlations among safety climate items [8, 9, 10] . Construct validity was tested with exploratory factor analysis and discriminant validity checked by comparing the safety climate scores among groups varying in age, work experience, accident involvement, position in the company, education and the type of the organization. To evaluate the internal consistency of the questionnaire, Cronbach's α was used. Speraman-Brown coefficient and Ω. Cronbach's α was used when questions were rated on the 5-point Likert scale; this represented mean correlations among items. Spearman Brown coefficient represented the reliability coefficients that can be obtained from possible combinations of split-half questions. The minimal proposed value of these coefficients was 0.70. The data obtained using ther questionnaire was analyzed using Statistica 13 StatSoft Inc. Comparison of the difference in accident risk perception and safety climate scores among different demographic groups (age, work experience, occupational experience, position in the company, education, accident involvement, type of construction site) was performed with the multiple analyses of variances (MANOVA). To define questionnaire utility for the final SURAM model, principal component analysis was performed retaining all the factors with Eigen value greater than one. Once the factors were extracted, Varimax rotation was performed. The analyses showed that the Kaiser-MeyerOlkin measure for sampling the adequacy was 0.81, indicating that these data were appropriate for factor analysis [11, 12, 13] , Bartlett's test of sphericity was significant (c 2 =1270.6. p<0.01). which indicated that there were correlations among safety climate items and the correlation matrix was not a unit matrix. 
RESULTS
The reliability of the measurement method depends on its internal consistency. As indicated previously, the consistency was assessed with Cronbach's α, Speraman-Brown coefficient, and Ω. According to Cronbach's α, internal consistency was 0.79 for the entire population. Spearman Brown coefficient was 0.78 and W = 0.70. Most coefficients were higher than 0.70 and adequate for psychometric requirements for a measurement. Thus. the method for measuring occupational hazards, risk perception and the contractor safety climate was appropriate [14, 15, 16] (Tab. 2, Fig. 1 ). To make it clearer, it shows only the values of the structural equation, but not the measuring models. With the exception of the questionnaire scales, the SURAM was developed to include monitoring of the workers' psycho-physiological parameters before the shift as well as the part of the shift after a break, corresponding to the workload during the shift (WL). The wide range of demographic factors (DF), collected both at the construction site as well as from local statistical offices, were also used for model construction. Environmental parameters at the construction sites were monitored on two up to three levels of the scaffold (depending on size) during at least a fiveday working week, including sound level, illumination and microclimate (EF). Diversity from the standard levels was then evaluated as the measure for the matrix construction.
To evaluate worker visual concentration on the critical areas or elements of the work zone, mobile eye-tracking equipment was used (ET). Stability and quality of scaffold set-up and maintenance was evaluated (Cscaffold), as well as the level construction site organization (CSO). The complementary element of SURAM, especially for the model teaching period, was the Historical Accident Analysis module (AHA). In this module, accidents from the past 10 years of the construction industry were reduced to the elementary factors. As the model presented at the Figure 1 is a beta model, prepared after first year of the projects, some of the relations could not be calculated precisely. Therefore, even in those partial data it shows potential for use in improving safety at the construction sites using scaffolds. Also, according to several authors, the goodness-of-fit (GF) model had to be considered first [9, 17, 7, 18] . Within the GF model, it is necessary to consider three indicators: measure of absolute fit, measure of increased fit and measure of decreased fit (Tab. 3) [17, 13, 19] Due to the absolute correspondence of the models, the indicators that can be applied in an incompetent strategic analysis are GFI (goodness-of-fit index) and the index of corresponding values. In GFI, the higher the value, the higher the correspondence. In this case, the obtained value was 0.92. This indicator is acceptable since it is over 0.90 [20, 21] . GFI -goodness-of-fit index; AGFI -adjusted goodness-of-fit index; NFI -normed fit index; NNFI -non-normed fit index; CFI -comparative fit index; IFI -incremental fit index; RFIrelative fit index. In the presented model, this indicator has the value of 0.9 which, according to the above-mentioned researchers, is an indicator of good correspondence. Table 2 shows intercorrelations among the six scales that were entered into the final model. Because of the comparatively small sample size, each correlation coefficient was significant at 0.05. As a step in model construction, this research focused on investigating whether there is any significant difference in risk perception and the safety climate in working teams, as well as construction enterprises among the demographic subgroups [22, 23] . Significant differences were observed in demographic subgroups in questionnaire scales; for example: for practicum, there were significant differences on all scales but for education level there were significant differences in (S(SOC), S(LOC), S(HBI) and S(RP) scales, but not for S(LKZ) and S(LWO) scales. Gender did not influence opinions in questions on analyzed factors, as more than 97% of employees (94.7% and 98.3% in study and control groups, respectively) were male; Because presenting all the results obtained in this study would require too much space, they will therefore be discussed in detail in a subsequent study in which larger subgroups could be observed. At the present stage of the study and project development, it was found that the initial worker stress level (monitored by the bio-physical parameters at the beginning of the shift and after the break + ET) [24] is a more direct predictor for development of an unsafe chain of events leading to an accident than the work load (WL) and concentration of harmful factors (EF) at the workplace [25] .
CONCLUSIONS
A study of risk perception, occupational hazards and the safety climate at construction sites with scaffolds in Poland, as depicted in this study, had never been previously conducted. Therefore, an attempt was made to monitor risk perception, understand the value and beliefs about the safety among Polish workers, or precisely, workers' teams at Polish construction sites, as a growing number of migrant workers (mostly Ukrainians) have been noted during the first stage of the study. Evidence was obtained that the perception of accident risk and the safety climate on Polish construction sites can be reliably measured with a 45-item questionnaire, involving six factors: life coherence and social associations (SSOC), sense of control (SLOC), state of health (SLKZ), value hierarchy (SLWO), occupational praxis and psychical attitude (SIZZ) and risk perception (SPR). The previous research results indicated that construction workers placed more emphasis on safety training, organizational environment, safety awareness and competency, and management support. Although the previous study remains valid, the current study shows that initial stress level could be crucial for developing situation risky or potentially prone to accident.
To establish a general model SURAM, the subjects came from several economically, historically and technologically diversified Polish regions, while the control group came from Portugal. Thus, the developed 45-item questionnaire can be used as a safety measurement tool for the whole construction sector using scaffolding. This tool was based on the results from different parts of the world and then modified to fit Polish construction sites. Further research will focus on a structural equation model which will result from the structural analysis presented in this study. Additional factors: demographic factors (DF), work load (WL), environmental factors (EF), eye tracking (ET), construction of scaffold (Cscaffold), construction site organization (CSO), and historical accidents analysis (AHA) will have to be included. Thist will determine the workers' attitudes towards the risk level at their workplace, hazardous situations and real occupational accidents that took place there. Subsequently. the six factors from this study will be used to develop a hypothetical frame of the SURAM model. Additionally, as already indicated, each demographic subgroup had strong influence on some of the six factors. This will be analyzed in detail and discussed in the next stages of the study. Currently, workers from six regions, including Portugal, were involved; therefore, the level of technical culture and type of organization was one of the variables (CSO) investigated. Consequently, in the future, the influence of this variable on all six scales will be studied. The prognostic validity of the SURAM model developed in the current study will be assessed in the subsequent stages. The results obtained will have practical value for occupational health prevention in the construction sector. The developed standardized occupational praxis and psychical attitude -S(HBI) -as the main predictor of SURAM, even at this initial stage are found to be useful for predicting high-risk construction activities and thus preventing the occurrence of accidents, based on a set of historical accident data.
